Background Acute lower respiratory tract infections (ALRI) are the major cause of mortality and morbidity in young children worldwide. Respiratory syncytial virus (RSV) infection is the most important viral cause of severe ALRI but only a small proportion of children infected with this virus develop severe disease. To identify possible risk factors for severe RSV infection leading to hospital admission we have carried out a case-control study of Gambian children with RSV infection admitted to hospital.
Methods
In all, 277 children admitted to three hospitals in the Western Region of The Gambia with lower respiratory tract infection due to RSV were compared with 364 control children matched for age and location of residence who had not been admitted to hospital with an ALRI during the RSV season. A detailed questionnaire covering a wide range of potential social, environmental and nutritional risk factors was administered to the child's guardian.
Results
Cases came from larger or more crowded compounds than controls; increased risk was particularly associated with greater numbers of children in the age group 3-5 years living in the compound (odds ratio [OR] for у2 children in the age group 3-5 years = 9.1, 95% CI : 3.7-28). Cases were more likely to have a sibling who had died (OR = 3.4, 95% CI : 1.7-7). Controls were more likely to have been exposed to smoke from cooking fires (OR for the mother of cases cooking at least once daily = 0.31, 95% CI : 0.14-0.7). Other protective factors were father's nationality and some professions. Vegetables were included in the diet of controls more frequently than in that of cases (OR = 0.16, 95% CI : 0.06-0.46). Mothers of cases complained of asthma more frequently than mothers of controls, but the number of asthmatic mothers was small (4.2 versus 0.5%, P = 0.05).
Respiratory syncytial virus is the main viral pathogen responsible for acute respiratory tract infections in developed countries. About half of all susceptible children are infected during their first RSV season, but only a few require admission to hospital. 13, 14 Studies in industrialized countries have reported that risk factors for hospitalization with ALRI caused by this virus are lack of breastfeeding, [15] [16] [17] [18] crowding, 15, 16, 18, 19 a low level of maternal education, 20 the presence of atopy or asthma in the parents 19, 21 and parental smoking. 17 To the best of our knowledge, no study from a developing country has addressed the role of risk factors contributing to severe infection with RSV. Therefore, we have performed a case-control study which has identified potential social and environmental risk factors for admission to hospital because of an ALRI due to RSV in The Gambia, West Africa.
Methods
Cases were detected through surveillance for RSV disease based on three hospitals in the Western Region of The Gambiathe Royal Victoria Hospital (RVH), Banjul, on the coast, the MRC Hospital in Fajara, approximately 15 km from Banjul, and Sibanor Mission Hospital 80 km inland. The RVH is the paediatric referral hospital for the entire western half of The Gambia. The MRC hospital serves as a primary health care facility for a mainly periurban population, whereas Sibanor serves a mainly rural population. These hospitals are the only ones routinely admitting children with severe ALRI in that area. In addition to these health facilities, occasionally children with severe ALRI are admitted by private clinics or health centres, but the numbers are small. Children admitted with an ALRI were identified as cases of RSV infection by immunofluorescent microscopy of a nasopharyngeal aspirate sample as described previously. 22 Children were included in this study as cases if they were admitted to hospital between 1993 and 1995, had a mother or guardian who was willing to answer the questions, and lived within approximately 40 km from one of the three study hospitals in the Western Region of The Gambia. After a case had been identified, a field worker interviewed the mother about a range of potential social and environmental risk factors, using a standardized questionnaire. During 1993, controls were enrolled from a follow-up cohort of the Gambian Hib vaccine trial. 23 Eligible for selection as controls were children registered in the same health centre as the case, matched for date of birth within a week, but who were not admitted with an acute respiratory tract infection during the time of the RSV epidemic during which the case presented. Children were selected randomly from those in the list meeting the above criteria. From 1994, the questionnaire was extended to cover additional more immediate risk factors such as feeding, type of meals, exposure to smoke and animals, and details of children on the compound. Controls for cases from 1994 onwards were enrolled after the epidemics from amongst children living in the same village or suburb, matched for age, who were not admitted to hospital during the epidemic with an acute respiratory tract infection. A field worker who was visiting the nearest compound enquired about children meeting the above conditions and whether the parents were willing to participate. He continued seeking such children until both conditions could be met. Controls were therefore enrolled and parents interviewed in the early dry season, whereas cases were mostly enrolled in the rainy season. Each case child was matched with at least one control child, but none with more than two control children. The study was approved by the Gambian Government/Medical Research Council Laboratories Ethical Committee. The risk factors covered in the questionnaire are shown in Table 1 .
Statistical analysis
Cases and controls were compared by matched analysis to produce estimates of the odds ratio (OR) for each variable. Conditional logistic regression was used to calculate OR and 95% confidence intervals (CI) adjusted for the effects of other variables. Variables were selected for inclusion in the regression model in two phases in order to reduce the effect of missing values on the number of matched sets. The variables fell naturally into six groups: variables describing the family, exposure to cooking fumes, the child's nutrition, the social environment, the compound, and access to health care. The variables in each of these groups are described in Table 1 . A regression model was developed for each group of variables separately. All variables in the group were candidates for inclusion in the model; variables were excluded if the OR was not statistically significant (P Ͼ 0.1) and if omitting the variable did not alter significantly the OR for other variables. Variables selected within each group were candidates for inclusion in a final overall model. As a final step, to investigate whether there were differences in the types of patients admitted to the three hospitals, terms were also included to investigate whether the OR varied according to the hospital to which cases had been admitted; (none of these interaction terms was statistically significant).
This analysis was done first using only variables in the original questionnaire, obtained during the whole study period. In a second step, the additional variables in the extended questionnaire, obtained only after the first year of the study, were also included in the analyses. This led to a second model which explored more variables but which had less power because of the smaller number of matched sets.
The study had at least 80% power to detect an OR of 2 if the variable occurred with a frequency of 10% in the controls. Analyses were done with EpiInfo and Stata packages.
Results
In all, 277 cases were enrolled in the study (representing 79% of hospital admissions with RSV infection during that time, with another 4% coming from outside the study area), together with 364 controls. The extended questionnaire was completed for 172 cases and 222 controls. Of the cases, 55% were boys, as were 50% of the controls. The median (interquartile range) age was 9 months (5,14) for cases and 9 months (5,15) for controls.
The statistically significant results of the univariate analysis of the original questionnaire are shown in Table 2 and the results of the extended questionnaire are shown in Table 3 .
In the final regression model ( Table 2 ) based on variables in the original questionnaire from the two years, four main risk factors for RSV disease were identified: a larger number of people living in the house; having had a sibling who died; living in a house with a flush toilet rather than pit/latrine or no toilet; and belonging to a family with a non-Gambian, rather than Gambian, father. There were also slight effects of father's occupation and the type of child care, but these were of borderline significance.
Parent's smoking was equally common for cases and controls: 39% of the fathers of cases smoked, compared with 41% of fathers of controls. Mothers smoked infrequently (2% in both groups).
To examine the additional variables in the extended questionnaire, the second step of the analysis was restricted to the second and third year of the study ( Table 3) . Variables in the original questionnaire had similar unadjusted OR in the second year and for both years combined, except for child care by the mother which was associated with increased risk in the combined data but with reduced risk in the second year.
There were more detailed questions in the extended questionnaire about numbers and age groups of children. These new variables were more strongly associated with severe RSV disease than the variables in the original questionnaire. The adjusted OR for those variables were smaller and lost significance in this analysis. Examining the contribution of numbers of children of different age groups, the strongest risk factor was a larger number of older preschool children in the 3-5 years age group ( Table 3 ). The sex of these children had no effect on risk either when numbers of boys and girls or when numbers of children of the same or different sex as the index case were considered.
The extended questionnaire included new questions on nutrition, asthma in the family, and exposure to cooking fumes. Eating vegetables was more common in controls than in cases (OR = 0.16, 95% CI : 0.06-0.46); the difference was found to be more marked in older children (Figure 1) . Breastfeeding was almost universal, 87% of cases and 89% of controls were breastfed (OR = 0.64, P = 0.3). Exposure to cooking fires was RISK FACTORS FOR RSV IN THE GAMBIA 159 significantly more common in controls than in cases in the univariate analysis, the mothers of control children cooked more frequently than the mothers of cases (OR for cooking more than once daily after multivariate adjustment = 0.31, 95% CI : 0.14-0.7), but the OR for the other two cooking-fumes related variables (the child being carried on the back while cooking and carried on the back while cooking when sick) became non-significant after multivariate adjustment.
Maternal asthma was a significant risk factor in the univariate analysis (OR = 8, 95% CI : 1-64, P = 0.05), but due to the small number of affected mothers (n = 9), this could not be analysed in the multiple regression analysis.
Discussion
In line with other studies from developing and developed countries, crowding was the most important risk factor found in our study; [4] [5] [6] 16, 17, 19 more people lived on the compounds of cases than of controls. In the final model, an increasing number of children in the household between the ages of 3 and 5 years was the strongest risk factor identified for admission to hospital with RSV infection. As these children are more mobile than their younger siblings, it is likely that they introduced the virus to the compound. We did not document the number of children older than 5 years and adults on the compound in detail, so we could not explore their influence on severe infection. In contrast, the number of younger children, and the number of children sharing a bed and a room was similar in both groups. Exposure to a cooking fire showed an inverse relation with RSV infection. This is surprising as studies from different developing countries have shown exposure to wood smoke and cooking fires to be a risk factor for ALRI overall, [7] [8] [9] and for bacterial pneumonia in particular. 24 As the association was consistent in several questions dealing with similar issues, it is unlikely to have been a chance event. It is possible that the relation found in other studies is due to bacterial infections, and that bacterial and viral infections behave differently. Interestingly, a study from Papua New Guinea found a similar inverse relation between obstructive airways disease in children and wood smoke exposure. 25 Exposure to tobacco smoke was not related to RSV infection in this study. However, smoking mothers are rare in The Gambia.
In developed countries, breastfeeding has been shown to be protective against severe RSV infection. [15] [16] [17] [18] As most of the children in The Gambia are breastfed up to 18 months of age, no protective effect of breastfeeding could be found. The only nutritional factor which was more common in controls was eating vegetables. This was most pronounced in older children. This potentially interesting finding could be explained by the seasonal availability of vegetables. As controls were enrolled on average 3 months later than cases, this association might be caused by the study design. It is possible, however, that part of the seasonality of RSV infection in The Gambia might be explained through the availability of vegetables rather than climatic factors. Similarly, the finding that more mothers of controls were looking after their children during the day in the second study year might be partially explained by seasonal differences in work outside the home, which might leave the children in the care of another person. One problem of the study was the change in the selection procedure for the controls, which was considered necessary to include more acute parameters, but which might have introduced bias into the study. It was therefore comforting to see that all variables had similar OR in both years except for day care by the mother, for which we have tried to offer an explanation.
Genetic factors may play a protective or disease enhancing role. This could explain the finding that the father being nonGambian was more frequent in the cases. The observation that more siblings had died in the case compounds may also point to genetic susceptibility to severe disease. However, other differences in lifestyle between groups might explain this finding as well, e.g. mothers who had lost a child previously being more likely to seek medical attention.
Socioeconomic factors did not seem to play a major role in predisposing to severe RSV infection. The housing and environmental conditions in which cases and controls lived were similar, and the educational status of parents of cases and controls did not differ substantially. If socioeconomic status played any role, lower social status seemed to be rather more protective. Fathers of controls were more frequently manual workers or policemen, and compounds of cases had more frequently tap water and flush toilets; the association with the latter was strong and independent of other factors in the first model. One possible explanation for this unexpected finding is that better hygiene predisposes to more severe RSV disease. Alternatively, the effect might be explained by differences in care seeking behaviour. Parents of lower socioeconomic status might be less willing to present children to hospital even if they have disease of a severity which necessitates admission. Parents of higher status, and mothers who had previously lost a child, might more effectively push their child through the health system and get admitted. In either scenario, children of higher social class would be over-represented in the case group.
Asthma was very uncommon in both cases and controls. However, a history of asthma was obtained significantly more frequently in mothers of cases. This might indicate a small role of atopy in developing severe RSV infection.
In summary, few important differences were found between cases and controls in social and environmental risk factors, despite sufficient power of the study. The risk factors found do not explain much of the attributable risk, such as maternal asthma. Some risk factors are not easily remedied e.g family size and exposure to older children, or are considered advances in lifestyle e.g. flush toilets or taps on the compound. Other factors which are considered to predispose to bacterial pneumonia had an inverse relation with severe RSV infection. Improvements in social and environmental conditions are likely to have little effect, but this requires further studies. For the control of RSV infection in developing countries similar to The Gambia, efforts should concentrate on prevention through vaccination and case management.
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